Holstein steer calves (130 kg) were used to monitor venoarterial concentration differences of plasma peptide and serum protein amino acids across the hindlimbs. Calves were fed purified diets containing soy protein or urea as the sole source of dietary N. Twenty-four hourly feedings per day were imposed to promote "steady-state" metabolism. Negative venoarterial differences of glutamic acid (P<.10), valine (P<.10), lysine (P<.05) and histidine (P<.01) were observed in soy-fed calves and isoleucine (P<.10) in urea-fed calves from the peptide fraction. Negative venoarterial differences of amino acids from the peptide fraction were generally similar for the two dietary treatments, except for glutamic acid (P<.01). A large negative venoarterial difference of glutamic acid was observed when soy protein was fed and, conversely, a large positive venoarterial difference was observed when urea was fed. Two groups of serum proteins were evaluated: fraction I (primarily globulins) and fraction I1 (primarily albumin). Hindlimb amino acid venoarterial concentration differences for soy-fed calves were inconsistent and nonsignificant for both fractions I and II. Conversely, hindlimb negative venoarterial concentration differences in urea-fed calves for both fractions I and ii were large and statistically significant for many amino acids. Fraction II venoarterial differences were much greater than differences observed in fraction I. Soy and urea treatment differences were also much more pronounced in fraction II, being statistically significant for 8 of 17 amino acids. These data indicate venoarterial concentration differences of serum protein amino acids that react differently to varied nutritional regimens. The large venoarterial differences of protein amino acids in urea-fed calves may represent compensation by hindlimb tissue in response to depressed free amino acid concentrations observed under the same dietary conditions.
Introduction
Exchange of free amino acids in blood plasma has been the traditional method for in vivo evaluation of tissue protein metabolism. However, evidence indicates that other amino-N pools in blood may contribute to amino acid nutriture of tissues and organs. Absorption of dietary amino acids by the gut and near corn1Supported in part by funds from the John Lee Pratt Animal Nutr. Program at Virginia Polytechnic Inst. and State Univ.
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s Dept. of Dairy Sci. Received March 20, 1986 . Accepted January 15, 1987 plete removal of these amino acids by the liver led Elwyn (1972) to propose that peptides and proteins synthesized by the gut and liver function in transporting amino acids to peripheral tissues.
Intestinal uptake of peptides is believed to play a role in amino acid absorption by the gut (Matthews and Payne, 1975) . Circulating peptides may result from enzymatic formation (i.e., glutathione; Meister and Tare, 1976) or possibly through interruption of protein synthesis (Coulsen and Herbert, 1974) . McCormick and Webb (1982) demonstrated exchanges of plasma peptide amino acids across hindlimbs of "steady-state" and fasted calves.
Serum protein amino acids constitute a large proportion of total amino acids found in blood, yet the nutritional significance of these is not known. Schimke (1977) The importance of serum proteins as a supply of amino acids to tissues in response to varied nutritional conditions is not understood. The purpose of this study was to evaluate hindlimb concentration differences of amino acids associated with peptides and serum proteins in calves fed soy protein and urea purified diets.
Materials and Methods
Holstein steer calves were fed purified diets for 30 d with either urea or soy protein supplying 100% of the dietary N. Diets were fed as 24 (hourly) feedings per day. Four calves were fed each diet. Abdominal aorta and caudal vena cava cannulae were surgically implanted in each calf (McCormick and Webb, 1982) . Calves (two at a time, one on each diet) were sampled simultaneously on d 10 and 30 of the feeding period. Blood samples were taken at 15-min intervals during a 1-h feeding interval and composited. A detailed description of calves, feeding regimen, surgical techniques, sampling procedures, experimental design and statistical analysis is described by Danilson et al. (1987) .
A filtrate prepared by treating plasma with sulfosalicylic acid was used for the analysis of plasma peptide amino acids. Peptide amino acids were determined as the difference in free amino acids in this filtrate and those present following hydrolysis with 4 N methanesulfonic acid (McCormick and Webb, 1982) . Serum protein amino acids were determined on protein fractions separated by ion exchange fEAA, NEAA, Total and E:NE refer to essential amino acids, nonessential amino acids, total amino acids and essential:nonessential ratio, respectively. gLeast-squares means non-estimable due to several missing observations. Values represent column sums. chromatography. Serum was first desalted by gel-filtration chromatography using Sephadex G25M desalting columns. Desalted proteins were then applied to a DEAE-Sepharose CL-6B ion exchange column. Separation with acetate buffers resulted in the resolution of four fractions. Proteins within each fraction were hydrolyzed with 4 N methanesulfonic acid and analyzed for amino acid content by ion exchange chromatography.
Details of these procedures are described by McCormick and Webb (1987) . Fractions I and II of the four they described were evaluated in the present study. Complimentary arterial and venous samples were analyzed simultaneously and venoarterial concentration differences across the hindlimbs were determined.
Results and Discussion

Peptides.
Peptide fraction amino acid concentrations in venous blood of calves fed soy-or urea-purified diets are presented in table 1. The molecular weights of the specific peptides present in this pool are not known. However, based upon the separation of the peptides in this filtrate using gel filtration techniques, it would appear that in excess of 75% have molecular weights less than 1500 daltons (T. G. Schlagheck, unpublished) . The peptides present range from dipeptides to small proteins, as it is known that deproteinization with sulfosalicylic acid may leave small traces of protein in plasma filtrates (Dickenson et al., 1965) . The total concentration of amino acids as peptides was approximately 2.7 times the concentrations of free amino acids in whole blood (Danilson et al., 1987) . Individually, the ratio of the concentration of peptide amino acids to free amino acids in plasma ranged from a low of .89 for valine to a high of 23 for aspartic acid. No significant differences were noted due to dietary treatment. A tendency was observed for concentrations of most amino acids, and especially the essential amino acids (EAA), to be lower when urea was fed. Methionine and tyrosine were higher (P<.05) for both treatments at 30 d than at 10 d.
Plasma peptide amino acid venoarterial concentration differences across the hindlimbs CValues depict probability that venoarterial difference does not differ from zero. dprobability of a chance difference between diet means. estandard error of mean. are presented in table 2. Several amino acids of peptide origin were observed to exhibit negative venoarterial concentration differences when soy protein was fed, suggesting removal by the hindlimbs. A large negative venoarterial difference of glutamic acid (P<.07) and smaller negative venoarterial differences of lysine (P<.04), histidine (P<.01) and valine (P<.08) were observed. A large negative venoarterial difference was also noted for glycine; however, large variation associated with this amino acid precluded statistically significant responses. Glycine and glutamic acid accounted for nearly 80% of the total amino acid uptake across the hindlimbs in calves that were fed the soy diet.
Venoarterial differences of plasma peptide amino acids were generally of a lesser magnitude when urea was fed. The majority of amino acids showed tendencies for negative venoarterial differences; however, isoleucine was the only one that differed (P<.09).
McCormick and Webb 1982) observed venoarterial differences of amino acids in this peptide fraction in calves, of which aspartic acid, serine, glutamic acid, alanine and phenylalanine made the greatest contributions. The large venoarterial difference of glutamic acid observed in both studies suggests that the peptide fraction may be actively involved in the transport of glutamic acid to peripheral tissues.
Comparison of soy and urea treatments reveal few differences due to diet. An exception was glutamie acid (P<.01), which exhibited large negative venoarterial concentration differences when soy protein was fed and large positive venoarterial concentration differences when urea was fed. Additionally, the venoarterial concentration difference of glycine (P<. 11) across the hindlimb was much less pronounced when urea was fed. McCormick and Webb (1982) reported the peptide fraction to be involved in the transport of amino acids away from the hindlimb in fasted steers. Data from the present study are not conclusive, although it does appear as if this peptide fraction is playing some role in amino acid tissue exchange that, as yet, is not defined. CValues depict probability that venoarterial difference does not differ from zero. dprobability of a chance difference between diet means. estandard error of mean.
Serum Proteins. Results of the hindlimb venoarterial concentration differences of amino acids of fraction I are listed in table 3. When soy protein was fed, the distribution between amino acids with negative venoarterial differences and those with positive venoarterial differences was about equal, with none being different from zero. In contrast, when urea was fed, consistent and large negative concentration differences of most amino acids were observed, of which over half were different from zero (P<.10). The magnitude and statistical significance of these differences support the conclusion that the proteins of fraction I may serve as a source of amino acids to the hindlimb when urea is fed.
Hindlimb venoarterial concentration differences for amino acids from fraction II proteins are presented in table 4. The venoarterial differences associated with the feeding of soy protein were both positive and negative, with none of the differences different from zero. When urea was fed, 6 of the 17 venoarterial concentration differences were negative and differed from zero (P<.10). The remaining 11 amino acids of protein fraction II also had negative venoarterial concentration differences, but did not differ (P>.10). Soy and urea treatment comparisons for venoarterial concentration differences of amino acids from protein fraction II show 8 of 17 amino acid values differing from zero (P<.10), and three additional amino acid values that approach significance (P<.15).
The tendency for greater venoarterial differences in amino acids from protein fraction II for the urea treatment indicates that diet or nutritional status may affect amino acid and serum protein movements between blood pools and peripheral tissues. Patterns of individual amino acid differences resemble the molar ratios of amino acids in each protein fraction. It might thus be concluded that proteins, rather than specific amino acids from these proteins, are being removed from the serum as the hindlimbs are traversed. McCormick and Webb (1987) found these same two protein fractions to be particularly CValues depict probability that venoarterial difference does not differ from zero. dprobability of a chance difference between diet means. estandard error of mean.
involved when venoarterial amino acid differences were monitored across the hindlimbs in fasted calves. Data from the present study provide at least presumptive evidence for the inclusion of serum proteins as transporters of amino acids. When taken in context with reports of decreased serum proteins and albumin in protein-deficient rats and humans (Hoffenberg et al., 1969) and similar effects noted for ruminants fed urea purified diets (Ludwick et al., 1972) , the serum proteins may be acting as supplemental sources of amino acids to muscle tissue. The in vitro work of Penn (1960) , which showed rapid catabolism of albumin following cellular uptake due to mitochondrial lysosomes, coupled with Schimke's (1977) theory on increased activity of cellular lysosomes in nutritional stress situations, supports the results observed in the present study for serum protein amino acid tissue exchange.
An area that has not been studied relative to amino acid transport or supply is the extravascular circulation. Serum proteins are present not only in blood vessels, but they penetrate the capillaries and become distributed in extravascular fluids (Kawai, 1973) . Moreover, the extravascular portion of serum proteins are not stationary but are actively recycled both in and out of the blood vessels and through the lymphatic vascular system. The substantial involvement of serum proteins noted in the present study, as well as that reported by McCormick and Webb (1987) , would appear to offer at least presumptive evidence that these proteins play a function in amino acid transport. The recycling of serum proteins by the lymphatic system must, however, be further evaluated for a clearer understanding of this process.
